Background: Ethnic disparities in breast cancer diagnoses and disease-specific survival (DSS) rates in the United States are well known. However, few studies have assessed differences specifically between Asians American(s) and other ethnic groups, particularly among Asian American(s) subgroups, in women aged 18-39 years.
Numerous studies have demonstrated that breast tumours in younger women have a more aggressive biology, which correlates with poorer outcomes when compared with older women (Nixon et al, 1994; Chung et al, 1996; Dubsky et al, 2002; Han et al, 2004; Aebi and Castiglione, 2006) . However, data regarding disparities among these young women are limited. The few studies that have been published have focused on comparisons among black, Hispanic, and white women (Newman et al, 2002; Shavers et al, 2003) . In a study of breast cancer patients of all ages, our group previously found that patients in all Asian subgroups were younger at diagnosis than NHW patients except Japanese patients, and patients in most Asian subgroups had similar survival rates compared with NHW women except Japanese patients had a better survival rate and Hawaiian/Pacific Islander patients had a worse survival rate (Yi et al, 2012) . The current study was performed to identify disparities specifically in young women. Using age 39 years as a cutoff, we sought to identify differences in disease presentation, clinicopathologic features, and survival among the broad ethnic groups and among the Asian subgroups.
PATIENTS AND METHODS
Patient selection and data collection. The Surveillance Epidemiology and End Results (SEER) database of the National Cancer Institute was used to identify patients with primary tumour sites coded as C50.0-C50.9 (breast) between 1973 and 2009. Data were obtained from all 18 US cancer registries participating in the SEER program using SEER*Stat software version 8.0.2 (http:// seer.cancer.gov/seerstat). Male patients and patients whose race was coded as 'American Indian/Alaska Native', 'Other unspecified (1991 þ )', or 'Unknown' were excluded. Ethnicity was categorised into four broad groups: non-Hispanic-white (NHW), black, Hispanic white (HW), and Asian. Eight subgroups of Asian patients were identified: Filipino, Chinese, Japanese, Asian Indian/Pakistani, Korean, Vietnamese, Hawaiian/Pacific Islander, and others.
Statistical analysis. Age-adjusted breast cancer SEER incidence rates in women aged 18-39 years and older than 39 years were calculated separately by using SEER*Stat software version 8.0.2 and data from incidence -SEER 13 (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) . A w 2 test was used to assess differences in categorical variables (disease stage, surgery type, tumour grade, hormone receptor status and radiation treatment status) and a Kruskal-Wallis equality-of-populations rank test was used to assess differences in continue variables (age at diagnosis) among the broad ethnic groups and among the eight Asian subgroups.
Overall survival (OS) was calculated from the date of diagnosis to the date of death, date last known to be alive, or 30 November 2009, whichever occurred first. Disease-specific survival (DSS) was calculated from the date of diagnosis to the date of breast cancerrelated death, date last known to be alive, or 30 November 2009. Overall survival and DSS curves were calculated using the Kaplan-Meier method. Patients who were lost to follow-up or who survived beyond 30 November 2009, were censored.
Multivariate Cox proportional hazards models were used to determine the influence of patient, tumour, and treatment factors of known or potential prognostic value on DSS in each broad ethnic group and in each Asian subgroup with a sample of 4500 patients. Stata SE version 12.0 statistical software (StataCorp LP, College Station, TX, USA) was used for statistical analyses. All tests were two-tailed, and statistical significance was set at Po0.05.
RESULTS
Patient and tumour characteristics. The SEER database revealed 971 565 patients diagnosed with breast cancer from 1973 to 2009, including 55 908 (5.8%) aged 18-39 years. Hispanic white had the highest percentage of patients whose age at diagnosis was between 18 and 39 years old (10.8%) while NHW had the lowest percentage (4.7%, black patients (9.5%), and Asian patients (8.6%)). Of these, 55 153 patients belonged to 1 of the 4 broad ethnic groups being evaluated in this study: 35 101 (63.6%) NHW, 8215 (14.9%) black, 7067 (12.8%) HW, and 4770 (8.7%) Asian.
The clinicopathologic characteristics of patients in the broad ethnic groups are shown in Table 1 . Our analyses revealed differences among the groups with respect to disease stage, surgery type, tumour grade, oestrogen receptor (ER) status, progesterone receptor (PR) status, and radiation treatment status. The incidence of localised tumours was higher in Asian patients (52.9%) than in NHW (51.6%, P ¼ 0.1), black (44.3%, Po0.0001), and HW (44.3%, Po0.0001) patients. The incidence of distant disease was higher in black patients (8.3%) than in patients in any of the other three groups (NHW 4.6%, HW 6.8%, and Asian 4.8%). At least 55% of patients in each broad ethnic group had undergone total mastectomy. The incidence of grade III and IV tumours was lowest in the Asian patients (56.3%) and highest in the black patients (70.5%). At least 75% of patients in each broad ethnic group had invasive ductal carcinoma. The incidence of ER-positive tumours was highest in the Asian patients (67.8%) and lowest in the black patients (49.9%). In all, 70% Asian patients received radiation therapy after segmental mastectomy while only 62.2% black patients received radiation theory after segmental mastectomy (Po0.0001).
The Asian patients were categorised into eight subgroups as follows: Filipino (21.8%), Chinese (20.9%), Japanese (12.6%), Hawaiian/Pacific Islander (11.3%), Korean (7.1%), Asian Indian/Pakistani (8.6%), Vietnamese (6.4%), and other (11.2%). Table 2 lists the clinicopathologic characteristics of patients in the eight subgroups. Disease stage at presentation, tumour histology and grade, and ER and PR status were different among the subgroup. Japanese patients generally had more favourable clinicopathologic features: they had the highest incidence of localised disease (59.3%) and grade I tumours (12.3%). Asian Indian/Pakistani women generally had less favourable clinicopathologic features: they had the highest incidence of regional/distant disease (56.3%) and grade III/IV tumours (64.2%) and the lowest incidence of ER-positive tumours (61.0%). As in the broad ethnic group comparisons, the majority of patients in all the subgroups had undergone surgery. The smallest proportion of patients who did not undergo surgery was in the Japanese subgroup (2.0%), whereas the largest proportion of patients who did not undergo surgery was in the Asian Indian/Pakistani subgroup (5.9%). There were no difference in received radiation therapy after segmental mastectomy among Asian subgroups (P ¼ 0.8). In all, 45% Asian Indian/Pakistani received radiation therapy after total mastectomy while only 26.5% Vietnamese received radiation therapy (Po0.0001).
Breast cancer incidence rates. Figure 1 shows age-adjusted breast cancer incidence rates in women aged 18-39 years (A) and older than 39 years (B) from the SEER 13 registries (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) . Although the incidence rates for patients older than 39 years decreased during this time period, the incidence rates for women aged 18-39 years were stable. In this younger age group, black patients had the highest incidence rates, and two dramatic increases were noted in 2000 and 2004. In young NHW women, there was a slight increase from 1992 to 2009, whereas the incidence rates in HW women were slightly decreased. Incidence rates in Asian women were decreased from 1992 to 1997, increased from 1997 to 2001, and aside from an increase in 2008 in the 18-39 age group, then decreased again. Incidence rates in the Asian subgroups were not available.
Survival. The median follow-up for the study cohort was 6 years. The 5-and 10-year DSS and OS rates are shown in Table 3 . Korean and Japanese patients had the best 5-year DSS rates (89.3% and 86.0%, respectively), and black and Hawaiian/Pacific Islander patients had the poorest 5-year DSS rates (71.8% and 76.1%, respectively). All Asian subgroups except Hawaiian patients (75.9%) had a better 5-year OS rate than did NHW, black, and HW patients (80.0%, 69.4%, and 77.0%, respectively). Table 4 shows the association between clinicopathologic factors and DSS in the four broad ethnicity groups. Advanced tumour stage, high tumour grade, and negative ER status were highly associated with poorer DSS in each ethnic group. Age younger than 35 years was associated with poorer DSS in NHW and black patients but not in HW or Asian patients. Table 5 shows the association between clinicopathologic factors and DSS in four Asian ethnicity subgroups that had a sample of 4500 patients (Filipino, Japanese, Chinese, and Hawaiian/Pacific Islander). Advanced tumour stage was highly associated with poorer DSS in all four subgroups. Higher tumour grade was associated with poorer DSS in only in the Chinese subgroup. The ER-negative status was associated with DSS in the Hawaiian subgroup only. Age at diagnosis was not associated with DSS in these four Asian subgroups.
DISCUSSION
The current study represents one of the most comprehensive population-based analyses of breast cancer patients aged 18-39 years evaluated by ethnicity. Our study included 455 000 (5.8%) breast cancer women aged 18-39 years, which is comparable to the 7% of breast cancer patients aged 18-39 years reported in other studies (Chung et al, 1996; Brinton et al, 2008) . Consistent with other studies (Gray et al, 1980; Pathak et al, 2000; Joslyn et al, 2005; Brinton et al, 2008) our study showed that black women had higher incidence rates of breast cancer than NHW women before age 40, whereas NHW women had higher incidence rates than black women after age 39 (crossover pattern). The HW and Asian women had lower breast cancer incidence rates than NHW women in both age groups and did not exhibit the crossover pattern observed among black women. Interestingly, for women aged 18-39 years, the incidence rates were increased only in NHW women from 1992 to 2009. This observation must be put into context, however, as in NHW patients, only 4.7% of breast cancers were diagnosed in patients aged 18-39 years, compared with 10.8% in the HW patients, 9.5% in the black patients, and 8.6% in the Asian patients, numbers that are consistent with previously published reports (Chung et al, 1996; Brinton et al, 2008; Telli et al, 2011; Yi et al, 2012) . It is possible the overall age distribution of Asian women is younger compared with the other ethnic groups in the United States, resulting in a disproportionate breakdown by age. This could be due to immigration patterns, as the Asian population reflects the rapid increases in younger age in the latter half of the twentieth century.
Interestingly, the Asian patients in our study presented with less advanced stages of disease and had a lower risk of death compared with patients in the other ethnic groups. This finding conflicts with the findings of previous studies that included patients of all ages, which showed that Asian patients were more likely to have advanced disease than NHW patients but less likely to have advanced disease than black and HW patients (Li et al, 2003; Martinez et al, 2007; Berz et al, 2009; Ooi et al, 2011; Yi et al, 2012) . Among the Asian subgroups, Asian Indian/Pakistani patients had the highest proportion of patients with advanced disease, high tumour grades, and ER-and PR-negative tumours, but their mortality risk was similar to that in the other subgroups, which is consistent with previous studies evaluating Asian women of all ages (Moran et al, 2011; Yi et al, 2012) . Hawaiian/Pacific Islander patients had the poorest DSS of all the Asian subgroups even though they were comparable to the other subgroups in terms of disease stage and tumour grade, which is consistent with the findings we previously published from a study evaluating patients in all age groups (Yi et al, 2012) . These data suggest that this subgroup may experience issues related to access to care (i.e., screening and follow-up) rather than differences in tumour biology (Ooi et al, 2011) . Our study also showed that age as a risk factor for DSS varied between ethnic groups. Although being younger than 35 at diagnosis was associated with poorer DSS in NHW and black patients, it was not associated with DSS in HW patients or Asian patients. Our study also showed that there was no survival difference in Asian subgroups when compared patients younger than 35 with 35-39, which is consistent with the studies conducted in Japan (Yoshida et al, 2011) and Korean . This may suggest that, in HW and Asian groups, tumour biology and age are independent prognostic factors for survival. An interesting observation in our study is the differences in biologic factors between Asians and other ethnic groups, specifically in tumour grade, ER/PR status, and % presenting with localised disease. Previous studies have shown that certain breast cancer subtypes to Table 3 . Survival (5-year and 10-year) rates for each ethnic group of women aged 18-39 years with breast cancer
Disease-specific survival include triple-negative breast cancer (Bauer et al, 2007; Millikan et al, 2008 ) occur more often in young patients. Although population-based studies have identified a higher proportion of triple negative breast cancers in premenopausal Black women (Carey et al, 2006; Bauer et al, 2007; Morris et al, 2007) , the relationship between race and tumour biology has not been completely elucidated. Ongoing work by our group is further investigating the relationship among age, race, and tumour biology in Asian patients. Because this study was a retrospective investigation of a population-based database, data regarding socioeconomic status, family history of breast cancer, lifestyle factors, Her2 status, and the administration of neoadjuvant or adjuvant systemic therapies were limited. This prevented us from evaluating these factors as potential confounders or effect modifiers of the relationships observed. In addition, SEER age-adjusted incidence rates were limited to the four broad ethnic groups only because no data were available for Asian subgroups. Incidence rates were also limited to the time period from 1992 to 2009, when data were available. The long duration of our study period may affect the results due to missing data and change of management. Instead of using TNM stage, we only used localised, regional, distant as disease stage. We cannot provide information about non-invasive disease or DCIS in our study.
In conclusion, our study demonstrates that presenting clinical and pathologic features of breast cancer differ by ethnicity in the United States and that these differences impact survival in women younger than age 40 years. 
